the reader is referred to Krishnaiah (1976) .
Motivated by the applications in the area of inference on multiple time series, we investigate asymptotic expressions in the null and nonnull cases for the distribution of certain power of the likelihood ratio statistic for testing the hypothesis that the variables are independent and have a common variance. These expressions are in terms of beta series.
In the case of null distribution, it is found that the accuracy of the approximation by taking the first term alone in the asymptotic series is sufficient for practical purposes.
Here, we note that Krishnaiah, Lee and Chang (1976) approximated the null distribution of certain power of the likeli-* ihood ratio test statistic for sphericity with Pearson's Type I distribution. But this approximation is based upon empirical study.
In the analogous real case, Khatri and Srivastava (1974) derived the nonnull asymptotic distribution in terms of chisquare series.
In the final section of this paper, we discuss the applications of our results to the area of inference on multiple time series.
Preliminaries
In this section, we define some notation and give kome lemmas which are needed in the sequel.
The Mellin's integral transform of a function f(x) of real variable x defined for x > 0 is M{ f(. t}
where t is a ceLnplex variate (Titchmarch (1937)). 
3)
for Real(t) > 0, and Real(b) > 0. Hence
Lemma 2. Let (t) f x p(x)dx be the moment function of a random variable x with density p(x). If
with Real(t) tending to -, then 0(t) can be expanded as a factorial series of the form
where a is any constant (Nair (1940) ). Lemma 4. Let E: pxp be a Hermitian matrix.
Then
where M = I -qE , L: pxp is a positive definite Hermitian matrix, q is a constant and
By using the splitting formula (James (1964)), we know that 
We know (see Khatri ( 
Equating the coefficient of x m/m! for both sides of the above equation we obtain (2.12).
Lemma 6. For any integer r, variate x and Hermitian positive definite V, we have
__________.
(x (tr V )+4x
where p
(2 .18)
k (-j k +3j 2 2j=1 and K was defined earlier.
The above lemma was proved by Hayakawa (1972).
Asymptotic Null Distribution of the Likelihood Ratio Test Statistic for Sphericity
In this section, we derive an asymptotic expression for the null distribution of the likelihood ratio statistic for testing the hypothesis of sphericity for complex multivariate normal distribution. The expression obtained is in the form of a beta series.
Let Z: pxl be distributed as a complex multivariate normal with mean vector ii and covariance matrix 1. The density of Z in this case is known (see Wooding (1956) )
to be
Next, let Zl ... ,z N be N independent observations on Z and let
where Z denotes the conjugate of Z, and
We are interested in testing the hypothesis H where The moments of w under the hypothesis H are known to be
1/s
Next, let u = w where w is given by Eq. (3.6) and s is a constant to be chosen to govern the rate of convergence for the resultant series. The null h t h moment of u is obtained by replacing h with h/s in Eq. (3.7).By using the Mellin's inversion transform (see Eq. (2.2)), the density of u becomes P h c+iw n r(n +--
Set m -n -6, i-l d = c + ms and m + -= , where 6 is also a converging s s factor to be chosen for the resultant series. Then, we have d+i- 
where K 1 (2T) s p . Now using Eq. (2.4) in the above integral, we have sj m+a -1 +- We will now examine the first few terms of Eq. (3.33) when n is large. We know that In the sequel, we will refer to the above approximation as KLC approximation.
Ll
Tables 1 gives a comparison of the accuracy of the approximations by taking the first term and the first two terms respectively in (3.57).
In the The above table indicates that the first term in the asymptotic expression alone gives a good approximation.
KLC approximation is based upon approximating certain power of w with Pearson's Type I distribution by using empirical merrods whereas the approximation given in this paper is analytic in nature. 
The distribution of the eigenvalues i2,..., of A is (James (1964)) 
(see Khatri (1965) ).
We have
Applying Lemma 5 to the integral, we obtain Eq. (4.1).
Note that for q = 1, we get the expression as in Pillai and Nagasenker (1971).
We will first derive the asymptotic distribution of w when (l-qZ 1 V/m. Let u = wlsOhere sO is the positive square root of the right side of (3.48) and w was defined by (3.6) From the non-null h t h moment of w given in Eq. Following the same argument as in Section 3 we obtain
where we obtain the following expressions analogous to (3.22), (3.16), (3.14), (3.28) and (3.27):
The asymptotic expansion of Iq E-li gives where Z denotes the conjugate of Z. Then, it is known (see Goodman (1963) and Wahba (1968) 
